By examining publication data for seven top business and economics journals over the period 1980-2015, we find that the proportion of solo papers declined while papers with more than three authors increased, on average. We also find positive correlation between the proportion of solo papers and a journal's acceptance rate. The rise in multi-authored papers can be explained as a response to the benefits conferred by research collaboration and the publish-or-perish culture that has led to tough competition for limited space in reputed journals. While research collaboration is beneficial, we put forward a case for the advantages of solo papers.
Introduction
A phenomenon observed in academic publication across journals and disciplines in the sciences and social sciences is a declining number of single-authored (solo) papers. The flipside of this phenomenon is a rise in fractional authorship (i.e., authorship divided across multiple persons) and an increasing number of authors per paper. Greene refers to the rule of one author per paper as the dominant model for the sciences from the late 1600s until about 1920: 'this symmetry was breached in the 1920s, diminished in the 1950s, and largely abandoned by the 1980s.' 1 Abt describes the science fields as having 'evolved rapidly into team efforts in which the average number of authors per paper is increasing' quickly and suggests that, as a consequence, 'the frequency of single-authored papers is diminishing'-an observation seconded by Sampson. 2 Kuld and O' Hagan point out that the rise in the number of papers with four or more authors is striking. 3 The surge in multi-authored papers and the fall in solo papers raise several interesting questions about academic authorship today: 1) What reasons account for the decline in the number and proportion of solo papers (and the corresponding rise in the average number of authors per paper)? 2) Are these trends in authorship any reason for concern? 3) Should solo Trends in the Authorship of Academic Papers The phenomenon of ever fewer solo papers has been observed across journals and disciplines in the sciences and social sciences. Greene considers the prestigious science journal Nature in which 'the single author has all but disappeared.' 4 The average number of contributors to papers published in Nature continues to rise such that any issue of the journal today has nearly the same number of papers as an issue from 1950 but about four times as many authors. Papers published in Nature with more than 100 authors are not uncommon. Plume and van Weijen identified a 2009 Nature article with some 2900 authors (from the International Human Genome Sequencing Consortium), 5 but this is not the record for science journals. Two papers from the ATLAS Collaboration in particle physics exceed it: one from 2008 with 2926 authors and another from 2012 with 3171 authors. 6 Observing the same trends, King remarked in 2013 that the average number of authors per paper indexed by Web of Science had climbed steadily since 1981: a progression 'from 2.48 authors in 1981, through a comparatively gradual phase in which an average of 3 authors in the early 1990s transitioned into 4 by the early 2000s, proceeding in fairly short order to exceed 5 in 2012-a doubling of the 1981 figure. ' Conversely, 'the proportion of single-author papers was following a decidedly opposite trajectory.' In 1981, more than 30 per cent of papers had only one author, but the share of solo papers had declined to 11 per cent by 2012. By discipline, King found that some fields had maintained fairly high percentages of solo papers, particularly general social sciences, in which nearly 40 per cent of the papers were written by one author. Also notable were mathematics and business (including economics), with shares of single-authored papers both surpassing 25 per cent in 2012.
On the low end, life and biomedical sciences were both below 5 per cent in their shares of single-authored papers. The lowest proportion of solo papers in 2012 was in microbiology, which barely topped 1.5 per cent. 7 Similarly, Plume and van Weijen analysed data from Scopus for the period 2003-2013 to assess authorship patterns over time. The results of their analysis showed consistent growth in the number of papers: from 1.3 million in 2003 to 2.4 million in 2013. Over the same period, though, the number of authors increased at a much greater rate: from 4.6 million in 2003 to 10 million in 2013. The average number of authors per paper increased from 3.5 in 2003 to 4.15 in 2013, while the percentage of solo papers declined from 20 per cent in 2003 to 13 per cent in 2013. They interpret these figures as proof of a rise in 'fractional authorship, ' which they define as 'the claiming of credit for authorship of a published article by more than one individual.' Fractional authorship, they contend, 'is an efficient mechanism by which authors can increase their apparent productivity from the same underlying research contributions. . . . [A] single author can produce a single authored article once every two years or a co-authored article with one other author every year.' 8 Nabout et al. investigated temporal trends in the number of authors for papers in ecology journals from 1945 to 2014. In considering 333,214 papers published in ecology journals, they detected a 'strong decay in the numbers of single-authored papers.' Specifically, they found that in the early years of their time period, about 80 per cent of papers in ecology were single-authored, but in 2014 it was 4.8 per cent. By extrapolation, they imagine that only 0.01 per cent of the published papers in ecology may be single-authored in 2030. 9 Although the proliferation of authors per paper is more extreme in the natural sciences, the trend holds for the social sciences as well. Card and DellaVigna analysed trends in authorship for five top journals in economics. In the early 1970s, three-quarters of the papers published in these journals were single-authored, while the average number of authors per paper was 1.3. By the early 1990s, the portion of single-authored papers had fallen to 50 per cent, and the mean number of authors reached 1.6. In 2012, more than three-quarters of the papers published in the journals had at least two authors, while the mean number of authors was 2.2. Overall, Card and DellaVigna found that the number of papers published in top economics journals had fallen and the number and length of submissions had risen. 10 They suggest that the rise in the average number of authors per article 'worked to partly offset the decline in the number of articles published per year.' 11 By weighting each paper by the number of authors, they found that the number of authors with a paper published in one of the five journals was somewhat higher in 2012 than in the 1970s or 1980s.
It seems therefore that the decline of solo papers is a near-universal phenomenon across all the sciences, but the pace of the decline differs according to discipline, as multi-authored papers are more common in laboratory sciences than in social sciences. In this paper, we consider the business disciplines of economics, finance, accounting, and management. We also consider the explanations that have been put forward for the drop in solo papers to see whether they apply to business disciplines as well. Drivers of collaboration in science may not exert as much influence in business research. Woods et al., for example, argued that, while the reasons for mounting author counts for papers include changing requirements for research funding and complex, expensive instrumentation in areas of experimental science, these explanations 'do not seem to apply well to hospitality and tourism' research. 12 
Analysis of Publication Patterns in Business Journals
We obtained data on publication for the period 1980-2015 in seven top business and economics journals from the websites of individual journals. (Our data for Contemporary Accounting Research, however, came from 1984, the first year of its publication.) Table 1 compares publication data for the seven journals in 1980 (upper half) and 2015 (lower half) by reporting the number of published papers, the acceptance rate, and the percentages of papers written by one author, two authors, three authors, and more than three authors.
For all seven journals, the proportion of solo papers declined drastically from 1980 to 2015. On average, the proportion of solo papers in 1980 was 54.8 per cent and in 2015 was 15.6 per cent. On the other hand, the proportion of papers with more than three authors increased on average: 1.6 per cent in 1980 versus 13.9 per cent in 2015. Three of the seven journals (Econometrica, The Accounting Review, and Contemporary Accounting Research) had no papers written by more than three authors in 1980 (or 1984 in the case of CAR), but by 2015 the shares had risen to 5.2 per cent, 17.2 per cent, and 8.1 per cent, respectively. In Figure 1 we observe the declining proportion of solo papers over time (solid lines) with superimposed quadratic trends (dashed lines). Negative trends are conspicuous, while fluctuations around the trend could be a combination of cyclical and random variation. However, there is little cyclical and/or random variation, on average, as the movement is dominated by the trend.
In relation to the work of Card and DellaVigna, we make two observations about our data. First, we see that the total numbers of papers published in the Journal of Finance and Econometrica dropped from 1980 to 2015, yet they increased in all of the other journals. For example, the number of papers published in the Journal of Financial Economics increased from 14 in 1980 to 101 in 2015. However, the increase in the number of published papers in other journals (such as the American Economic Review) does not match, in proportion, the increase in the number of submissions, which means lower acceptance rates and increasing competition for limited space. For example, 641 papers were submitted to American Economic Review in 1981, compared with 1740 in 2015, an increase of 172 per cent, compared with less than a 4 per cent increase in the number of published papers.
The second observation pertains to correlation between the proportion of solo papers and the acceptance rate, which is supposed to be positive. Correlation is positive because, as the acceptance rate declines, authors resort to collaboration, which reduces the proportion of solo papers. By the same token, we should expect correlation to be weaker or negative between the acceptance rate and the proportion of papers with two, three, and more than three authors. In Figure 2 we can see that this proposition is valid for all journals except the The Accounting Review, for which the acceptance rate actually increased between 1998 and 2015. 13 This observation is consistent with the explanation put forward by Card and DellaVigna for the rise of multi-authorship.
To identify trends and cycles in the proportion of solo papers published in the seven journals under investigation, we used a univariate structural time-series model that is explained in Box 1. The model estimation results are reported in Table 2 , which displays the estimated components (the final state vector) as well as the coefficient of determination (R 2 ) and the diagnostics for serial correlation (DW and Q), heteroscedasticity (H), and normality (N). Q is the Ljung-Box statistic, which has a χ 2 distribution, and H is a test statistic for heteroscedasticity with an F distribution. N is the test statistic for the normality of the residuals based on measures of skewness and kurtosis. The results show that the slope of the trend β t (which corresponds to the coefficient on a deterministic time trend in a conventional regression equation) is significantly negative in all cases and on average, which confirms the dwindling proportion of solo papers from 1980 to 2015. As for cyclical variation, statistically significant cycles can be found in three cases: Journal of Finance, Contemporary Accounting Research, and Academy of Management Journal. On average, however, cyclical variation is insignificant. More than three (%) Notes: The bars represent correlations coefficients assuming values between +1 and −1.
For example, positive correlation between the percentage of single-authored papers and the acceptance rate means that as the acceptance rate fell over time, so did the percentage of single-authored papers.
The univariate structural time series model used to identify trends and cycles is specified as follows:
where X is the percentage of solo papers, μ t is the trend, ϕ t is the cyclical component, and ε t is the random component. The trend, which represents the long-term movement of the dependent variable, is specified as
where η t ~ NID(0, σ η 2 ), and ζ t ~ NID(0, σ ζ 2 ). The cyclical component is represented by the two equations:
where ϕ t * appears by construction such that ω t and ω t * are uncorrelated white noise disturbances with variances σ ω 2 and σ 2 ω* , respectively. The parameters 0 < θ ≤ π and 0 ≤ ρ ≤ 1 are the frequency of the cycle and the damping factor on the amplitude, respectively. The period, which is the time taken by the cycle to go through its complete sequence of values, is 2π/θ, according to Harvey and to Koopman et al. Frequency is a measure of how many cycles occur in a certain period of time-that is, cycles per time period, such as a year. The amplitude of the cycle (m) is the distance from the equilibrium point to the highest point of a peak or the depth from the equilibrium point to the lowest point of a trough. The model is estimated in a TVP (time-varying parameter) framework using maximum likelihood and the Kalman filter to update the state vector. (3), F (11, 11) , and χ 2
(2), respectively.
A question that arises for us is whether or not solo papers will disappear, and if so, when that will happen. To shed some light on this issue, we use our model to generate ex ante forecasts over the period 2016-2025. The forecasts are displayed in the Appendix, Figure A. 1, where the negative forecasts generated by the model are set to zero (because the proportion of solo papers cannot be negative). The forecasts show that, on average, solo papers will survive beyond 2025, but the situation differs from one journal to another.
Explaining the Rise of Fractional Authorship Our empirical results, consistent with our review of the literature, show clearly the trend of a lower and lower proportion of solo papers, which prompts the question of why this change has taken place across the sciences and social sciences. The most frequently cited reason for the rise of fractional authorship and multi-authored papers is that research collaboration is useful and that it provides a boost for productivity. Research collaboration is defined by Katz and Martin as 'the working together of researchers to achieve the common goal of producing new scientific knowledge.' 14 Plume and van Weijen attribute the fall of the solo paper to research collaboration, which is 'an efficient mechanism by which each author can increase their apparent productivity from the same underlying research contributions.' 15 One perceived advantage of collaboration is that discussion among authors makes the final product (the paper) technically stronger and of higher quality. 16 Collaboration may be taken to imply common understanding among a number of researchers who command different skills at different levels. 17 It is also useful for spreading the workload, particularly if the nature of the work needs the expertise of more than one person; this is what Vermeulen et al. refer to as 'sharing costs.' 18 In a discussion thread on ResearchGate-composed of responses to the question 'Why is it becoming increasingly rare to see single-authored journal papers?'-respondents wrote that 'science is a team work and good collaboration is needed especially with high technology' and 'no one can do good research alone.' It was also suggested in the discussion thread that co-authors may sometimes add an author to their papers as a collegial favour or in reciprocation for a favour received. 19 We may also add that the task of writing multi-authored papers has been made easier by technological innovations such as Google Docs and other tools.
One reason for the rise of fractional authorship often cited is competition for the grants awarded by funding agencies. It has become harder to secure funds for a new idea when there is only one name on the proposal, perhaps because of the various reasons that have been put forward to explain the growth of multi-authored publications in terms of the advantages of collaboration. 20 Furthermore, competition for limited funds makes funding agencies more inclined to distribute what is available among as many researchers as possible. 21 Greene mentions the role of funding agencies when he suggests that 'in most fields outside mathematics, fewer and fewer people know enough to work and write alone'; even 'if they could, and could spare the time and effort to do so, their funding agencies and home institutions would not permit it.' 22 This is probably because the home institutions believe that a proposal submitted by a team of researchers is more likely to get funded than a proposal submitted by one person. 23 The rise of fractional authorship has also been attributed to the publish-or-perish culture that has led to tough competition for limited space in reputed, indexed journals. For example, Plume and van Weijen argue that researchers resort to collaboration in order to remain successful in academia under the publish-or-perish model. This reasoning relates to the perceived advantage of collaboration in allowing researchers to publish more papers every year; collaborative papers thus offer more perceived productivity per author. The publish-or-perish culture may also be a driver of multi-disciplinary collaboration. 24 A related issue is that of falling acceptance rates, as highlighted by Card and DellaVigna with reference to top economics journals. They argue that a combination of a growing volume of submissions and a declining number of published papers led to a sharp fall in the aggregate acceptance rate, from around 15 per cent in 1980 to 6 per cent in 2013. They argue that 'lower acceptance rates and longer delays have made it increasingly difficult for any one author to achieve a given set of publication benchmarks'; in response, authors have been 'forming bigger teams, and to the extent that co-authored papers are treated as equivalent to single-authored ones, they have been able to partially mitigate the adverse effects of lower acceptance rates and longer delays.' 25 Our results support Card and DellaVigna's findings of increasingly limited space in top journals and lower acceptance rates.
Making a Case for Single-Authored Papers
Research collaboration confers benefits on collaborators, but this does not mean that there is no value in solo papers, which can be useful in their own ways. A solo author is more likely to be an all-rounder (i.e., multi-talented or multi-disciplinary) and perhaps someone who does not subscribe to mainstream ideas. 26 Solo papers are typically written by researchers who have already made significant contributions to their field. For a young academic, though, there is career value in writing a solo paper because it shows that one has become independent and does not require senior people for ideas, guidance, and techniques. But young academics may not find the opportunity or may lack the confidence to write solo papers and so publish instead with their supervisors. Moreover, unless the work is strictly computational, it may be very hard for one person to generate the results needed for a high-quality paper given current standards. 27 On the other hand, the proliferation of journals, particularly online journals, allows anyone to publish solo papers. But the emphasis on publishing in indexed journals may dissuade young researchers from submitting their work to these other journals. A respondent to the ResearchGate discussion thread suggested that review papers can sometimes be written by one author. 28 Casual observation leads us to conclude, however, that most review papers are written by more than one person.
Notwithstanding the benefits of collaboration, a serious problem with many multi-authored papers is that no one apart from the authors has any way of knowing who did what on the paper. Moreover, names may be added to a paper (free riders or gift authors) for reasons that have nothing to do with contributing to the underlying work. In many papers with more than three authors, some authors are likely to be 'floaters' with minimal contribution. 29 There is also the problem of determining the order of authorship, which must be somewhat arbitrary when many authors are named. Greene recognizes this problem with multi-authored papers: 'in most journals we are not told which of these [authors] did what part of the work, nor may we be certain (have we ceased to care?) who drafted the paper.' 30 The convention of multiple authorship is (or should be) that all authors shared in the work more or less equally, and if the first author takes the role of 'first among equals,' all listed authors take full credit for the contents of the paper. This is perhaps a valid proposition when three or four authors are involved, but when the number gets to double or triple digits, there is no way those listed could have done equal amounts of work. In fact, even when two authors are involved, it is unlikely that the responsibility was shared fifty-fifty. In 1999 then-editor of Nature, Philip Campbell, introduced a policy of including a statement listing authors' contributions to a paper. Asking authors to specify and attest to their contributions to a paper, and publishing these contributions in the paper's end matter, is one measure taken by some journal publishers to try to cope with fractional authorship.
A related issue was raised by Woods, who presented a co-authorship model whereby single-authored papers would count about twice as much as co-authored papers and papers with multiple authors (three or more). He proposed that scholars of hospitality management education who authored solo papers should receive more credit than those who published papers written with others. When he proposed the idea to his colleagues in a survey in 1998, 72 per cent of respondents indicated that papers written by a single author should receive more credit than those written by multiple authors. 31 The views of respondents changed in a related 2010 survey, when 57 per cent of the participants believed that co-authors should receive more credit than multiple authors. 32 Woods argued, on the basis of this survey evidence, that solo authors should receive more credit than those who publish papers written with others. The issue of awarding merit for publication becomes more complicated, though, if we factor in journal ranking, because it is not clear whether publishing a single-authored paper in a middle-ranked journal is a better or worse achievement than publishing a paper with five authors in a top-ranked journal. We think it is plausible to suggest that the proliferation of journal ranking schemes has contributed to the decline of single-authored papers.
The process of completing multi-authored papers may be slower compared with single-authored papers because of co-authors' differing views. Authors may spend time arguing about punctuation or style or other conventions. If the paper expresses a consensus opinion on the underlying issue, dispute over that opinion may arise. Or disagreement may erupt over the interpretation of the empirical results. Progress can be slow when one of the authors fails to meet deadlines, which gives rise to frustration.
The intensity of these problems escalates with the number of authors. Disagreement may not arise if there is a dominant author, but in a case of many authors and no friction, free-riding authors are bound to be present.
Consider also the proposition, put forth in favour of collaboration, that no one can do good research alone. On the contrary, individuals are often more creative than groups. If solo work is likely to suffer from subjective bias, collaborative work may suffer from groupthink. Examples of solo achievements are evident in economics, particularly if we consider classical work. In the Wikipedia entry 'Most Influential Works in Economics, ' thirty out of forty-seven works are single-authored, and only one has more than three authors ( Table 3 ). The solo authors on the list Out of the twenty best papers ever published in the American Economic Review, twelve are single-authored and eight have two authors-none have three or more. 33 It was also suggested, on the ResearchGate discussion thread previously cited, that multi-authored papers have a better chance of being accepted for the following reasons: 1) multi-authored papers do not give the impression that nobody else will back the paper; 2) if the authors outnumber the reviewers, one can always argue that the weight of peer opinion is not with the reviewer; 3) no reviewer likes to disagree with multiple eminent authors; 4) a piece written by many authors must be publishable because it has already interested many people; and 5) when many authors have produced a paper, it will have fewer errors (five people being more likely to spot errors than one person). Most, if not all, of these arguments are flawed. Just because a paper was written by five people does not mean it will interest a field of researchers at large. A reviewer is unlikely to be intimidated by the number of authors, if the reviewer even knows the number, which is unlikely under a double-blind system of reviewing. A reviewer is as likely to be intimidated by one eminent scholar as by more than one-again, if the reviewer is even privy to authors' identities. And there is no reason to expect a multi-authored paper to be freer of error than a solo paper; after all, single authors present their papers at seminars and ask others to check their work. Collaborators, on the other hand, may be reluctant or unable to correct one another's mistakes.
The last argument for the superiority of multi-authored papers over solo papers is that multi-authored papers are likely to attract more citations than single-authored papers by virtue of having a greater potential for self-citation and given all the other presumptions of better quality previously mentioned. For example, Nabout et al. find statistically significant results indicating that collaborative papers written by authors from different countries receive more citations; they conclude that 'this result reinforces the importance of international collaboration, ' 34 a conclusion that is supported by Glänzel. 35 This contention does not hold, however, for the most-cited paper in economics. Out of the top 100 economics papers ranked by citation count, as reported by RePEc, 36 39 are solo, 45 are by two authors, 13 by three authors, and 3 by four authors. Moosa presents evidence against the proposition that multi-authored papers are typically of higher quality than single-authored papers when quality is measured in terms of the number of citations. 37 The number of solo papers in the top 100 cited papers looks more impressive if we take into account the fact that the number of solo papers published has been in decline. For the top 100, the average number citations per solo paper is 2006.3 compared with 1775.1 for papers with two authors. Appendix 
Conclusion
By examining data on publications in seven top business and economics journals over the period 1980-2015, we found that the proportion of solo papers declined while the proportion of papers with more than three authors increased, on average. We also found that the increase in the number of published papers in some journals (such as the American Economic Review) did not match, proportionately, the increase in the number of submissions, which means increasing competition for limited journal space, particularly so for Econometrica and the Journal of Finance, for which the total number of published papers in 1980 was fewer than in 2015. We detected positive correlation between the proportion of solo papers and the acceptance rate and weak or negative correlation between the acceptance rate and the proportion of papers with two, three, and more than three authors.
We estimated a univariate structural time-series model for the proportion of solo papers published in each of the seven journals, confirming the presence of a significantly negative trend and significant cyclical variation in three out of the seven cases. The forecasts generated from the model for the period 2016-2025 show that, on average, solo papers will survive beyond 2025, but the situation differs from one journal to another.
The rise of fractional authorship and multi-authored papers can be explained in terms of the benefits conferred by research collaboration on the collaborators, such as increased productivity, the wedding of complementary skills, and the sharing of costs, workloads, and ideas. Another contributory factor is the role of funding agencies and the tendency to award research grants to multi-party research projects. Yet another factor is the publish-or-perish culture that has led to tough competition for limited journal space, as evidenced by lower acceptance rates in 2015 for six of the seven business and economics journals we examined (see Table 1 ).
While research collaboration is beneficial, we argue that the case against solo papers may be exaggerated and that multi-authored papers have their own problems, most notably the apportioning of credit, which becomes harder to do as the number of authors climbs higher. We argue against two propositions in favour of multi-authored papers: 1) that multi-authored papers have a better chance of being accepted; 2) that they are likely to attract more citations than single-authored papers. The facts on the ground do not support these propositions for economics journals.
There are good reasons why researchers increasingly collaborate, but this tendency should not be taken to imply an inherent superiority for the multi-authored papers that result from collaboration. The best human achievements in all branches of knowledge are the product of solo endeavours. This is not a thing of the past, because it is evident at the present time. And it is not only observed in natural science but also in the social science of economics. Nobel Prizes, after all, are awarded to individuals, not to groups. imad moosa is a professor in the School of Economics, Finance, and Marketing at RMIT, Melbourne, Australia. Email: imad.moosa@rmit.edu.au. larry li, corresponding author, is a senior lecturer in the School of Economics, Finance, and Marketing at RMIT, Melbourne, Australia. Email: larry.li@rmit.edu.au. 
